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(57) Abstract 

A method for conditioning 
a substrate mass wherein the sub- 
strate mass is associated with an 
electrokinetic geosynthetic struc- 
ture comprising geosynthetic mate- 
rial, in rum associated with at least 
one conducting element, and with 
at least one further conducting ele- 
ment, the conducting elements be- 
ing located with the substrate mass 
including electrolyte therebetween, 
and wherein a supply system is as- 
sociated with one of the conduct- 
ing elements for supply of at least 
one conditioning material to be in- 
troduced into the substrate mass 
and applying a potential differ- 
ence between the conducting ele- 
ments which act as respective elec- 
trodes and thereby supply condi- 
tioning material to the substrate 
mass. Apparatus for performing 
the above method and substrate 
masses conditioned by the above 
method and/or apparatus. 
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METHOD FOR CONDITIONING SUBSTRATES USING AN 
ELECTROKINETIC GEOSYNTHETIC STRUCTURE 

5 The present invention relates to a method for conditioning a substrate using an 
electrokinetic geosynthetic structure, the use of the electrokinetic geosynthetic 
structure in the method, novel arrangements of electrokinetic geosynthetic 
structures and conditioned substrates obtained thereby. More specifically the 
invention relates to a method for conditioning a substrate as defined for 
10 moisture or volume control, soil conditioning for agriculture or other purposes, 
bacterial growth in soils, retrieval and burial of objects in soil and the like, and 
the coiresponding use of the electrokinetic geosynthetic structure, 
arrangements of electrokinetic geosynthetic structures suited for the purpose 
of conditioned substrates obtained thereby. 

15 

The use of geosynthetic materials for reinforcement or drainage purposes is 
established practice. The materials used are generally non-metallic and can 
take any form, the most common being strips, sheets and grids. They can be 
manufactured by any suitable method, such as knitting, weaving or needle 
20 punching, extrusion or the like. Geosynthetics, also known as and sometimes 
referred to as geotextiles, are typically referred to by their principle function 
for any particular application and since there are essentially five principle 
functions there are five types of geosynthetics. These are filtration, separation, 
membrane, drainage and in plane flow, and reinforcement geosynthetics. 

25 

Geosynthetics may also provide any combination of the above functions and 
the present invention can be used for all of these functions, for example in 
drainage and reinforcement of substrate material in the construction industry, 
and thus has numerous industrial applications. 



30 
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Electrokinetic geosynthetics (hereinafter referred to as EKGs) are 

electrically conductive geosynthetic or geotextiles. EKGs have an enhanced 
performance over non-conductive geosynthetics. EKGs, in addition to 
providing filtration, drainage, separation, acting as a membrane and 
5 reinforcement can be enhanced by electrokinetic techniques for the transport 
of water and chemical species within fine grained low permeability substrates, 
which are otherwise difficult or impractical to deal with. In addition to 
conductivity, transivity, absorption, adsorption, wicking, hydrophilic and 
hydrophobic tendencies may also be incorporated in the geosynthetic. 

10 

The ability of electrokinetic phenomena to move water, charged particles and 
free ions through fine-grained low permeability substrate is established. There 
are five principle electrokinetic phenomena: streaming potential, 
migration/sedimentation potential , electroosmosis/electromigration, ion 
15 migration and electrophoresis. The first two of these phenomena are 
concerned with the generation of electrical potential due to the movement of 
charges and charged particles respectively. The remaining three are concerned 
with the transport mechanisms developed upon application of a potential 
difference across a substrate mass. 

20 

In practice a potential difference is applied across a substrate mass using 
EKGs or conventional electrodes. Cations are attracted to the cathode and 
anions to the anode. The three transport mechanisms are explained below. 

25 In electroosmosis, as the ions migrate they carry their hydration water with 
them and exert a viscous drag (frictional force) on the water around them. 
Hence, there is a flow of water to both the anode and the cathode. In order to 
maintain a charge neutrality however, there are more cations than anions in the 
pore fluid of a substrate predominantly comprising negatively charged 

30 particles. Therefore there is a net flow of water to the cathode. Substrates of 
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positively charged particles may also be encountered in which case an 
excess of anions exists for the maintenance of charge neutrality, the net flow 
of water being to the anode. Electroosmotic flow depends upon the applied 
voltage gradient and the electroosmotic permeability of the substrate. 

5 

The application of a potential difference across a substrate mass causes 
migration of the free ions and ion complexes, which are present within the 
pore fluid, to the appropriate electrode. The average mobility of ions in 
substrates may be of the order of 5 x 10' 8 mWs, which is an order of 
10 magnitude greater than the electroosmotic permeability. Hence, anions can 
usually overcome the electroosmotic flow and migrate towards the anode; this 
movement being known as electromigration or ion migration. 

When a DC electric field is applied across a particulate suspension, for 
15 example a suspension of colloids, clay particles, organics and the like, charged 
particles in suspension are electrostatically attracted to one of the electrodes 
and are repelled from the other. Positively charged particles are attracted to 
the cathode and negatively charged particles are attracted to the anode. Most 
colloids are negatively charged and are therefore attracted to the anode. This 
20 electrophoresis has found applications in the densification of sludges and mine 
tailings. 

EKGs can take the form of single materials, which are electrically conductive, 
or composite materials, in which at least one element is electrically 
25 conductive, such that the EKG can function as an electrode. They can be of 
the same basic form as commercially available filter, drainage, separator and 
reinforcement materials, but offer sufficient electrical conduction to allow the 
application of electrokinetic techniques. 
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There are a number of materials which can be used to produce electrically 
conductive geosynthetics, such as carbon fibre materials, conductive 
composites, polymers and metals in the form of fibres, strips, wires, elements 
or stitching. 

GB 2 301 31 1 relates to improvements in geosynthetics and introduces EKGs. 
This prior art document discloses EKG structures including layers of drainage 
and reinforcement geosynthetics stitched together with conductive fibres. The 
reinforcement and/or drainage material may also be conductive. 

Primarily EKGs are nevertheless associated with removal of contaminants, 
water and the like from a substrate mass. We have now surprisingly found 
that by a further adaptation of EKG structures their range of possible 
applications can be still further extended to considerable advantage. 

Accordingly in a first aspect of the invention there is provided a method for 
conditioning a substrate mass wherein the substrate mass is associated with an 
electrokinetic geosynthetic structure comprising geosynthetic material, in turn 
associated with at least one conducting element, and with at least one further 
conducting element, the conducting elements being located with the substrate 
mass including electrolyte therebetween, and wherein a supply system is 
associated with one of the conducting elements for supply of at least one 
conditioning material to be introduced into the substrate mass and applying a 
potential difference between the conducting elements which act as respective 
electrodes and thereby supply conditioning material to the substrate mass. 

The geosynthetic may itself be conducting and comprise an electrode or may 
be located in the vicinity of a conducting element. Reference herein to EKG 
are to both configurations. 
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Optionally the method of the invention as hereinbefore defined 
comprises additionally providing an evacuation system associated with one of 
the elements for evacuation of at least one conditioning material or of a waste 
material or by product from the substrate mass, an evacuated conditioning 
material may be the same as or different to that supplied to the substrate mass. 
Reference herein to an evacuation system is to any system achieving aided or 
unaided complete or partial removal of conditioning material or waste material 
or by-product and the like. Aided removal may use techniques such as 
eduction and the like. 

In each case, the conducting element may be associated with or near a portion 
of the EKG, and this may be proximal or remote, having regard to the supply 
system, and is preferably proximal. Without being limited to this theory it is 
thought that this improves electrical continuity. 

Preferably where the method of the invention is for both supply and removal 
of materials, this is carried out sequentially although it may be simultaneous. 
In the case of sequential supply and removal the supply and removal systems 
may be the same or different. Preferably the supply and removal systems 
comprise hydraulic and electrical continuity with the EKG and respective 
reservoirs. This is in the case of supply and removal of similarly charged 
material with reversal of electrode polarity, or materials which are oppositely 
charged without the need for reversing polarity of electrodes. 

Reference herein to substrate is to soil, loam, earth, sod, clay, weak rock and 
other ground material including mixed ground material and waste material or a 
mix of ground material and any other material, sewerage, sludge, or other 
substance or mixture of substances to be retreated, artificial ground material 
including the aforementioned substrates and other drainage, stabilising and 
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like materials such as gravel, stones, supply conduits, cables and the like, 
buried structures and the like. 

Reference herein to conditioning is to any treatment which improves the 
quality of performance of a substrate mass for reason of its intended purpose 
or for any incidental purpose. 

The conditioning material to be supplied and optionally also removed is either 
fluid or is solid which is capable of being entrained by, suspended in or 
leached into fluid or otherwise transported as charged particles between the 
elements under the influence of a potential difference. 

Conditioning material may be any liquid or solid material which has a net 
charge enabling transport by any of the above defined electrokinetic 
mechanisms and which has a beneficial influence on any desired substrate 
mass as hereinbefore defined. Particularly envisaged as fluid conditioning 
material are water and aqueous solutions, salts, nutrients such as nitrogen, 
phosphorus and trace metals, supplementary carbon source such as acetates, 
supplementary oxygen sources, terminal electron acceptors such as nitrate, 
water retention materials such as natural or synthetic hygroscopic materials, 
thickening materials such as thixotropes, biomass such as specialised bacterial 
strains, pH regulators, temperature regulators, minerals, reducing agents and 
oxidants for example for decomposing organics such as petrochemicals and 
solvents, absorbents such as activated carbon and inorganic porous materials 
including naturally occurring or synthetic alumino-silicates or zeolites 
(preferably activated zeolites), metal particles or coated metal particles such 
as iron or iron filings which may act as catalyst materials, non metallic catalyst 
materials grout or lime and mixtures thereof. 
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Conditioning is therefore by means of the EKG structure which comprises a 
supply system for introducing, dispersing, sorbing, adsorbing, absorbing 
conditioning materials as hereinbefore defined. 

Flow of conditioning material can be controlled in both horizontal and vertical 
planes. Supply and conditioning may be therefore carried out harnessing or 
countering the effects of gravity or natural flow in a given substrate mass as 
desired, for example to enhance the dispersion of conditioning material, to 
enhance the conditioning by counterflow of conditioning material such as 
bacteria against the general hydraulic flow within the substrate mass, or to 
prevent natural flow to an adjacent substrate mass, for example preventing 
agricultural or industrial run off into aquifers and natural water supplies. 

A supply system as hereinbefore defined is any means for supplying 
conditioning material as hereinbefore defined to an electrode as hereinbefore 
defined. Preferably a supply system is a permanent supply reservoir in direct 
hydraulic contact with an electrode, a path or network of paths for hydraulic 
contact to a permanent or temporary supply reservoir or an aperture for 
directly or indirectly connecting a temporary reservoir in hydraulic contact 
with an electrode as hereinbefore defined. 

An evacuation system as hereinbefore defined may be any system as 
hereinbefore defined for a supply system and additionally may comprise aids 
such as eductors and the like. 

A reservoir as hereinbefore defined may be remote from or local to a substrate 
mass to be conditioned as hereinbefore defined, and interfaced therewith by a 
supply and optional evacuation system as hereinbefore defined. A reservoir 
local to a substrate mass may be comprised within the substrate mass, or 



WO 00/46450 



PCT/GB00/00282 



8 

adjacent thereto and comprised above or within adjacent substrate, 
structures, ground, seabed and the like. 

A reservoir as hereinbefore defined may be permanent or temporary, natural or 
5 artificial. For example a natural reservoir of water may comprise a different 
substrate mass or different region of the same substrate mass having an 
available water supply or may be created by preparing a depression in the 
substrate surface adjacent to one of the electrodes, or building a small soil 
boundary or embankment to make a pond for collection of water. 

10 

An artificial reservoir as hereinbefore defined may be any form of overground 
or underground permanent or temporary mobile or otherwise container, tank, 
tanker, cylinder transporter or the like, optionally comprising means to pump 
the conditioning material to and from the electrode to be supplied or 
15 evacuated. 

An artificial reservoir is preferably used for supply or removal of materials 
which it is desired to confine to the mass to be conditioned without wastage or 
leakage, for example materials which may be potentially toxic, which must be 
20 supplied in highly concentrated form and may suffer dilution if not contained, 
materials which may be rendered inactive if not contained, materials which are 
not natural to the locus and the like. 

A temporary artificial reservoir may be connected to a supply system as 
25 hereinbefore defined. A temporary reservoir is preferably a reservoir which 
also serves as a container for transport of conditioning material and is simply 
linked up to a supply system as hereinbefore defined at the time of supply, or 
is an overground reservoir for conditioning material for a substrate mass 
which it is desired should not be visible when not actively supplying material, 
30 or is any reservoir which is to be used for active supply only for a specific 
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season or period and is redundant in other seasons or periods, or is a 
reservoir for supply of a material to a number of substrate masses and is 
simply transferred between locations of different substrate masses as required 
or the like. 

The method of the invention is made possible with the use of geosynthetic 
material that has at least one conducting element by means of the ability to 
reverse the polarity of the element to work for supply of any materials in any 
substrates and optionally additionally for evacuation. It is of particular 
advantage that this may be achieved without substantial deterioration of the 
elements which might otherwise have an adverse effect in the conditioning of 
the substrate mass associated therewith. 

One or more other electrodes may optionally be conventional metallic non 
EKG electrodes, having the advantage of cost reduction in particular where a 
number of other electrodes are required to condition a large substrate mass 
area. 

Conditioning envisaged according to the present invention may therefore 
include, but is not limited to, volume regulation of substrate mass, for example 
according to seasonal or regional moisture variation (drought or flooding) or 
indeed the localisation, or stabilising or moisture control thereof, for use in 
construction, foundation laying, road laying, pH regulation, nutrient 
introduction, environmental clean up, bioremediation, removal of organic or 
inorganic pollutants, retrieval or burying of subterranean or submarine 
structures and the like. 

Conditioning may be performed for a finite period on a given substrate mass 
to provide a useable or disposable end product or may be performed 
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periodially on a given substrate mass to regulate the condition thereof 
throughout the operational lifetime of the substrate mass. 

Conditioning may be performed in situ or ex situ, choice of conditioning 
location suitably being according to convenience, safety etc. Conditioing may 
be carried out batchwise or continuously, this being particularly relevant in the 
case of conditioning for a finite period to provide a useable or disposable 
product, for example in clean up or the like. 

The present invention derives from the finding that a wide variety of substrate 
masses as hereinbefore defined may be conditioned as hereinbefore defined by 
addition of conditioning materials as hereinbefore defined and optionally 
additionally removal of conditioning materials as hereinbefore defined or of 
other waste or by product materials. This action of supply can moreover be 
ideally performed with use of EKGs as hereinbefore defined with a number of 
associated advantages such as simplicity of construction and operation, 
minimum disruption to the locus or environment of operation, long term effect 
in usefulness and resilience to degradation. Moreover according to the further 
embodiment of the method of the present invention it is possible to supply and 
evacuate conditioning materials which may be the same or oppositely charged 
without the need for reversing polarity of the electrodes. 

In one preferred embodiment the method of the invention is a method for 
conditioning soil for burial or retrieval of subterraneous and/or submarine 
structures such as pipe lines, cables, sewerage systems such as septic tanks and 
the like. The method provides the advantage that the object to be buried may 
be buried in a stabilised substrate mass such as soil with minimal subsequent 
subsidence or settlement and differential settlement which may lead to the 
malfunctioning or damage of the buried structure or disintegration trawling or 
other damage to the soil allowing floation and retrieval of the buried object. 
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Similar advantages are apparent for retrieval of buried structures whereby 
the retrieval may be carried out with minimal damage or disturbance to the 
object itself or further neighbouring structures or structure components. 

5 In this method at least two conducting elements are located in the substrate 
mass to be excavated, with the portion to be excavated therebetween. At least 
one of the conducting elements is associated as part of a geosynthetic material 
as hereinbefore defined. Another element may also be associated with a 
geosynthetic, may be a conventional electrode or may comprise the structure 

10 to be buried or retrieved, or a part thereof, where this is of conducting 
material. A fluid supply system is associated with the geosynthetic material, 
preferably in the form of a reservoir with hydraulic continuity or wicking 
contact. An electrical potential difference is applied across the two conducting 
elements, the geosynthetic element associated with the supply system being 

15 the anode and the other electrode being the cathode for a suitable period to 
pump fluid which may be any softening fluid such as water into the substrate 
mass to cause softening thereof. A subterranean and/or submarine structure 
may be readily retrieved either by natural displacement by the softened 
substrate mass allowing it to rise to the surface or by applying buoyancy or 

20 attaching a retrieval line. An object to be buried may simply be sunk into the 
softened substrate mass and positioned. Thereafter the softened substrate 
mass may be returned to its former state or be formed into an improved state 
by reversing the potential difference between the electrodes causing the 
softening fluid to flow towards the geosynthetic material and evacuated via the 

25 supply system or reservoir which now serves as an evacuation system or 
reservoir. 

In a further embodiment the method of the invention is for conditioning 
substrate masses to serve as foundations for buildings, roads, and other 
30 structures. In this case the substrate masses typically suffer from seasonal 
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moisture variation for example in drought/flood regions, regional 
moisture variation across the mass itself and the like. Conditioning serves to 
regulate the strength and volume of the substrate mass. Using a similar method 
to that previously described the method may be carried out for supply or 
evacuation of water or aqueous fluid according to the prevailing conditions 
within or throughout the substrate mass. Moisture may be evacuated from one 
region and supplied to a further region with the substrate mass by use of a 
system of elements as herein before defined or may be supplied or evacuated 
from the entire substrate mass in response to destabilising lack of moisture or 
excess of moisture. This is of particular advantage for example in substrates 
with a high clay content or having a content of non-cohesive materials which 
may be adversely destabilised by lack of moisture. 

In a further embodiment the method is for conditioning artificial or natural 
substrate masses serving for activities requiring regulated uniform moisture 
content and is a method for conditioning by regulation of optimum water 
content according to the method as described in the first and second 
embodiments. According to this method of the invention substrate masses in 
the form of sports or leisure pitches, fields and the like may be maintained at 
high condition to avoid excessive dehydration leading to fracture of the 
surface or excessive hydration leading to over saturation. This is of particular 
advantage in maintaining quality of expensive sports pitches both throughout 
the season and in the course of play, leisure sites such as activity parks, 
fairgrounds, outdoor events such as concerts, camp sites and the like, and the 
latter which may be on inclined or undulating slopes with natural water 
supplies worsening the existing problems of rainfall, drought and passage of 
vehicles and humans. 

In a further embodiment the method of the invention is for conditioning 
substrate mass in the form of soil for agricultural purpose. In this case the 
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method is as hereinbefore defined but the conditioning material supplied is a 
soil nutrient for example including salts for soil improvement and the material 
to be evacuated is soil contaminants, by-products or excess water. 

In a further embodiment the method of the invention is for conditioning a 
substrate mass to serve as a decontaminating mass for decontaminating 
material to be introduced therein or material naturally or accidentally 
occurring therein, using the methods as defined above. In this case the 
conditioning material to be introduced is a decontaminant or contaminant 
absorbant such as bacteria, activated carbon, inorganic porous material such as 
naturally occurring or synthetic aluminosilicates for example zeolites and the 
like. Introduction of bacteria in bioremediation may be accompanied by 
introduction of bacteria nutrient mixtures or "cocktails". Decontamination may 
be carried out ex situ in which case contaminant material and decontaminant 
may be introduced into a substrate mass using the method of the invention. 
Optionally material to be evacuated may be by product, waste, contaminant or 
excess water. 

The method of the invention is particularly suited for bioremediation, whereby 
bacteria are transported through the substrate mass and are present in any 
given region thereof for a finite period, avoiding more than a transient 
exposure to inhibitory concentrations of contaminant. This enhances rate of 
remediation and renders in situ bioremediation highly effective and practical 
as an alternative to ex situ treatment. 

The method of the invention for decontamination is particularly useful in 
environmental clean up of industrial sites. Clean up of high concentrations of 
halogenated organics and the like preferably employs an EKG as hereinbefore 
defined comprising an iron, iron/carbon or other modified iron composite high 
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surface area electrode, which has been found to be highly effective in 
transferring electrons to adsorbed organics. 

In a further embodiment the method of the invention is for conditioning 
5 substrate masses such as anchored structures or unstable soil structures by 
enhancing the cohesion thereof. In this the conditioning fluid to be introduced 
is a cohesion inducing material such as lime, grout and the like or a solid mass 
thereof which is leached according to the method into the soil together with 
supply of water as conditioning fluid. The optional conditioning fluid to be 
10 evacuated comprises any contaminant, by-products, waste or excess water. 

In a further embodiment the method of the invention is for conditioning 
subterranean structures which are liable to bio fouling. In this case the 
condition material to be introduced comprises electrolyte which serves to 
15 conduct a current between the elements and thereby kill undesirable bacteria 
which accumulates, for example in land drains and the like, and the 
conditioning material to be evacuated comprises water and contaminants and 
products in the form of decomposed natural matter. 

20 In a further aspect of the invention, there is provided an arrangement for 
conditioning a substrate mass as hereinbefore defined comprising an 
electrokinetic geosynthetic structure as hereinbefore defined, a further 
conducting element as hereinbefore defined together with a supply system and 
optional evacuation system as hereinbefore defined and means for applying a 

25 potential difference between the elements. 

The EKG in the arrangement of the present invention may be any as described 
in GB 2 301 31 1 and may have any configuration of structure as described in 
co-pending unpublished GB 9828270 the contents of which are incorporated 
30 herein by reference. 
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The EKG may be in the form of a solid body having a central core which may 
serve as supply system or removal system for one or both conditioning 
materials and/or may serve as supply or removal reservoirs in the case of the 
5 supply and removal conditioning materials being the same. 

The conducting element or elements in an EKG structure as hereinbefore 
defined may be provided by any known conducting material. For example, the 
conducting element may be pure or composite metallic such as metals or metal 

10 powders dispersed in suitable solid carriers (in particular iron or mixtures 
thereof), or conducting non-metallic, such as inorganic oxides, polymers or 
composites thereof. Preferred materials include iron, platinum and the like. In 
an EKG structure as hereinbefore defined the at least one conducting element 
preferably comprises conducting non-metallic material such as oxides, 

15 polymers, carbon and the like, more preferably selected from oxides of metals 
of groups II and the transition elements of the Periodic Table of the Elements, 
for example Mg, Ti, Zr, Fe, Ni, Pd, Pt, Cu, Zn, most preferably sub oxides 
derived from titanium dioxide, commercially available as Ebonex(TM) 
(Atraverda). Such material is, by definition, less prone to corrosion than 

20 metallic material. 

Any shape of the conducting element may be provided which creates a 
conducting EKG structure. For example, the conducting element may be in 
the form of a filament, fibre, strand, wire, layer of any shape or other solid or 
25 hollow form or otherwise, for example, adapted to conform to the structure or 
environment. Alternatively, conducting material may be dispersed throughout 
the sheath and/or core as hereinbefore defined to form the at least one 
conducting element. 
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Where a plurality of conducting elements is provided, these may be 
positioned in an arrangement within the EKG structure or within a part of the 
EKG structure. For example the conducting elements may be randomly, 
regularly or irregularly spaced. In one preferred embodiment the conducting 
5 elements are in the form of one or more lines of spaced elongate members and 
are preferably parallel. 

The EKG structure may comprise a reinforcing element as hereinbefore 
defined in any advantageous form and orientation to reinforce the EKG as 
10 hereinbefore defined. For example, the at least one reinforcing element may 
be distributed throughout the EKG, in sheet form, or in the form of one or 
more elongate elements. In one preferred embodiment, the reinforcing 
element is at least one high strength elongate element running parallel to the 
longitudinal axis of the EKG structure. 

15 

In a further aspect of the invention there is provided the use of the EKG 
structure as hereinbefore defined as an electrode. In a preferred embodiment 
the EKG structure as hereinbefore defined is adapted to be used as both a 
cathode and an anode. This allows reversal of applied potential difference in 
20 situ. 

The geosynthetic may be manufactured by any conventional method and may 
be rendered electrically conductive, for example by heat bonding, gluing, 
needle punching, extrusion, extraction, casting, moulding, weaving, knitting or 
25 any combination of these methods. The chosen method is dependent on the 
required properties of the geosynthetic. 

Preferably the material forming the geosynthetic is conductive; this may be 
achieved in a number of ways. For example, in one preferred embodiment the 
30 geosynthetic comprises conductive material and preferably acts as the 
conducting element. 
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In another preferred embodiment the geosynthetic comprises a non-conductive 
material with conducting material running through it at least partially on the 
outer surface of the geosynthetic. 

5 

An electric field for use with the EKG, electrode or in the methods of the 
invention may be uniform, stepped or otherwise profiled with time or 
throughout the electrode or EKG. Preferably the field is uniform throughout 
the structure and varies with time, for example is stepped up from an initial 
10 threshold field. 



The methods may be used with any number of electrodes. Where more than 
two electrodes are provided, individual electrodes may be connected to 
15 electrical supplies and the electrical potential applied across each 
anode/cathode pair. Such connection is known as mono polar connection. 
One disadvantage of mono polar connection is the necessity for high current, 
low voltage supplies that are relatively expensive. 

Alternatively and preferably, the outer two electrodes of an array of electrodes 
may be connected to an electrical supply. In this way the intermediate 
electrodes act as induced electrodes and the voltage distributes itself between 
the outer electrode pair. This is known as bi polar connection and simplifies 
electrical connection as well as requiring a lower current and higher voltage 
than mono-polar connections. The reduced current requirements will lead to 
lower current densities, which are desirable for efficient electro osmosis. 

EKGs may be used in combination, for example in an array or grid and 
thereby be used as a plurality of cathodes and/or anodes, or if in contact with 
30 each other, in combination as a single cathode and/or anode. Such an array 
may be, for example, in the form of interwoven EKG structures making up a 
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matrix or cloth. In another preferred embodiment the EKG structure as 
hereinbefore defined is in the form of a continuous, elongate tube, tape or 
rope. Such EKG structures are easy to transport and position within substrates. 

5 In a further aspect of the invention there is provided the use of an EKG in an 
arrangement or method as hereinbefore defined. 

In a further aspect of the invention there is provided a substrate mass as 
hereinbefore defined conditioned with use of the method for an apparatus as 

10 hereinbefore defined. The effects of conditioning may be sustained for the 
duration of a single conditioning treatment or may be of prolonged effect. The 
method and arrangement of the invention are particularly suited for use in 
conditioning substrate masses which are prone to deterioration by exhaustion 
of conditioning material within the substrate mass due to consumption by the 

15 substrate mass itself or due to the effects of prevailing environmental 
conditions. 

The invention is now illustrated in non-limiting manner with reference to the 
following figures wherein: 

20 

Figure 1 is a vertical section through a substrate mass located between an 
EKG associated with supply and evacuation reservoirs, and an electrode; 

Figure 2 is a horizontal section through a substrate mass containing a plurality 
25 of electrodes associated with supply reservoirs and terminating at an EKG 
with evacuation reservoir; 

Figure 3 is a vertical section through an EKG "geobag" containing substrate 
mass and associated with a supply reservoir at its core and evacuation 
30 reservoirs at its perimeter; 
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Figure 4 is a vertical section of an alternative arrangement to Figure 3; 

Figure 5 is a vertical section through an EKG containing conditioning material 
5 and located within a substrate mass surrounded by one or more electrodes. 

Figure 6 is a view of a wick drain form EKG containing substrate mass and 
associated with supply reservoirs along its length and evacuation reservoirs at 
its ends; 

10 

Figure 7 is a vertical section through a submarine trench, associated with 
electrodes for cable laying. 

In Figure 1 the EKG structure is shown in situ acting as a cathode (5). Anode 
15 (6) may be another EKG or a conventional metal electrode. In a preferred 
configuration, electrode (6) and (5) may be reversed in polarity to serve as 
cathode and anode respectively, and in this case they are of approximately 
equivalent length. EKG structure (1) has been inserted into an excavation that 
serves as a natural supply reservoir (7) and is filled with decontaminant 
20 conditioning material (2) such as adsorbent or oxidant or the like. 
Alternatively the excavation is filled with an electrolyte (8) such as bentonite 
and serves as a supply system (11) in hydraulic contact with a temporary 
supply reservoir (7) of conditioning material (2). Conditioning material (2) 
flows or is transported towards the substrate mass (3) contacting the 
25 contaminant resulting in mobilisation or breaking down and mobilisation 
thereof Once the contaminant has been fully mobilised, polarity of electrodes 
is reversed whereby contaminant is evacuated by reservoir (7) or (1 1) acting as 
evacuation reservoir (batch wise process). 
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Figure 2 shows the concentration of contaminant towards EKG structure 

(I) by use of a plurality of electrodes (6) and impervious membrane (10) 
which converge towards the EKG structure (6) in the form of an EKG gate. 

Electrodes (6) are associated with supply reservoirs (11) for example 
comprised in impervious membrane (10) via supply system (11) and dispense 
conditioning material (2) in counter flow to the natural flow of contaminant 
(4), facilitating mobility and evacuation thereof via the EKG (1) to an 
evacuation reservoir (7) (not shown). 

Figures 3 and 4 show an EKG geo bag and an EKG geo container, both of 
which can be used to reduce liquid content much faster than the conventional 
tube. An electric field between electrodes, one (6) inserted in the opening and 
one (5) comprised in EKG bag (1), transports conditioning material (2) such as 
thixotrope into the container or bag from a reservoir (not shown) via supply 
system (11) and transports material to be evacuated such as water (4) out of 
the container or geo tube through the porous sheath via an evacuation system 

(II) . The fill (3) may be, for example, silt or clay or substrate. 

Figure 5 shows the use of the EKG structure with lime piles or soil nails. A 
lime pile (12) is a hole in the ground filled with lime. The lime pile is used for 
slope stabilisation and improvement of soft substrates for foundations. 

One of the stabilising mechanisms of lime piles is the reaction of lime and the 
surrounding substrate. The reaction relies on the migration of the lime from 
the pile. In most substrates this does not influence more than about a 30 mm 
annular zone around the pile. 




PCT/GB00/00282 



5 



WO 00/46450 PCT/GBOO/00282 

21 

Another stabilising mechanism is the strength of the pile itself. In the short 
term, the realisation of this strength relies on lateral confinement; in the long 
term this strength is achieved through crystallisation of the lime in the pile. 

The performance of lime piles and soil nails is improved using electro osmosis 
and the EKG structure of the invention, with subsequent carbonisation in the 
case of lime piles. 



The lime or grout (12) is comprised in a supply reservoir (7) in the conductive 
10 EKG structure (1). Surrounding the pile with EKG allows electroosmosis to 
be introduced therefore potentially inducing the conditioning material in the 
form of calcium (2) to move further and more rapidly into the substrate mass 
(3). Polarity may be subsequently reversed for redistribution purposes. The 
EKG also provides lateral confinement. Thus its use improves the short-term 
15 strength of the pile and increases the size of the stabilised zone. 

Carbonisation increases the effectiveness of the crystallisation in terms of 
speed and overall strength. It has a potential to improve the strength of the 
stabilised zone in addition to the pile. 

20 

Figure 6 shows a simple conductive EKG structure (1) in the form of a giant 
wick drain or sock, adapted to enclose substrate mass (3) contained in the 
geosynthetic core. The drain or sock is suitably vertically aligned such that 
substrate mass introduced (4) at an opening progresses vertically downwards 

25 and is removed at the other end. The outer surface of the drain or sock serves 
as cathode (5) and an electrode serving as anode (6) is introduced along the 
axial length of the drain or sock. Supply reservoir (not shown) enclosing the 
EKG or associated therewith by a suitable supply means allows introduction 
of conditioning material (2) through the EKG into the substrate mass allowing 

30 decontamination or conditioning in a linear continuous process, with 
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progression of substrate mass along the axial direction of the EKG. 
Optional removal of take off or waste along the length of the EKG via 
evacuation reservoir or evacuation system (not shown) may be carried out. In 
this embodiment, polarity of electrodes may be reversed subsequent to 
conditioning, to evacuate decontaminant for example. 

Figure 7 shows a trench which may be at the grounds surface or the sea bed 
for example, along the base of which a cable has been laid and material back 
filled. An EKG runs along the top of the trench, suitably submerged in the 
backfill, and serves as a first electrode, a second electrode being part of the 
cable, associated therewith or provided in a second layer there above. To 
secure the cable and prevent it floating to the surface the soil is first hardened 
by operating the upper EKG as anode (6). When it is subsequently desired to 
achieve the object for inspection, maintenance or the like the polarity may 
simply be reversed the upper EKG serving as cathode to cause movement of 
saline water into the back fill, using a suitable reservoir or the sea itself as 
supply reservoir. This avoids to the object which would result from chemical 
excavation. 
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1. EKG Structure. 

2 . Conditioning material . 

3. Substrate mass 

4. Evacuated material. 

5. Electrode. 

6. Electrode. 

7. Supply/Evacuation Reservoir 

8. Electrolyte. 
9. 

10. Impervious Membrane. 

1 1 . Supply/Evacuation System 

12. Lime pile 

13. Trench 

14. Cable 
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CLAIMS 

1 A method for conditioning a substrate mass wherein the substrate mass 
5 is associated with an electrokinetic geosynthetic structure comprising 
geosynthetic material, in turn associated with at least one conducting element, 
and with at least one further conducting element, the conducting elements 
being located with the substrate mass including electrolyte therebetween, and 
wherein a supply system is associated with one of the conducting elements for 
10 supply of at least one conditioning material to be introduced into the substrate 
mass and applying a potential difference between the conducting elements 
which act as respective electrodes and thereby supply conditioning material to 
the substrate mass. 

15 2 A method for conditioning a substrate mass as claimed in claim 1 
wherein an evacuation system associated with one of the elements is provided 
for removal of at least one conditioning material or a waste material or by- 
product from the substrate mass. 

20 3 A method for conditioning a substrate mass as claimed in claim 2 
wherein the evacuation system is in hydraulic and electrical continuity with 
the electrokinetic geosynthetic structure and a reservoir. 

4 A method for conditioning a substrate mass as claimed in any 
25 preceding claim wherein the supply system is in hydraulic and electrical 

continuity with the electrokinetic geosynthetic structure and a reservoir. 

5 A method as claimed in any of the preceding claims comprising 
additionally reversing the polarity of the conducting elements during the 
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method, or supplying conditioning material of different charge during the 
method. 



6 A method as claimed in any of the preceding claims wherein the 
5 substrate is selected from soil, loam, earth, sod, clay, weak rock, gravel, 
stones, sewerage, sludge and mixtures thereof. 



7 A method as claimed in any of the preceding claims wherein a 
conditioning material is selected from water, aqueous media or solutions, 

10 salts, nutrients, supplementary carbon sources, supplementary oxygen 
sources, terminal electron acceptors, water retention materials, thickening 
materials, biomass, pH regulators, temperature regulators, minerals, reducing 
agents, oxidants, absorbents, metal particles, coated metal particles, non- 
metallic catalyst materials, grout, lime or mixtures thereof. 

15 

8 A method as claimed in any preceding claim wherein a conditioning 
material is a substrate mass softening material and the method comprises the 
further step of either burying or retrieving an object in/from the softened 
substrate mass. 

20 

9 A method as claimed in claim 8 wherein the softened substrate mass is 
returned to its former state after softening by reversing the potential difference 
between the conducting elements. 

25 10 A method as claimed in any of clams 1-7 wherein the substrate mass 
comprises a structural foundation, a sports pitch, a leisure site or a field and 
wherein water is supplied to the substrate mass via the supply system and/or 
removed from the substrate mass via the evacuation system to thereby control 
the moisture content of the substrate mass. 



30 
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11 A method as claimed in any of claims 2-10 wherein the substrate 
mass is soil, a conditioning material is a soil nutrient and the removed material 
is a soil contaminant, a by-product, excess water or a mixture thereof. 

5 12 A method as claimed in any of claims 1-7 wherein a conditioning 
material is a decontaminant or contaminant absorbent. 

13 A method as claimed in claim 12 wherein a second conditioning 
material is a contaminated material. 

10 

14 A method as claimed in either of claims 12 or 13 wherein the 
decontaminant/contaminant absorbent conditioning material comprises a 
bacteria. 

15 15 A method as claimed in any of claims 1-7 wherein the conditioning 
material is a cohesion inducing material. 

16 A method as claimed in any of claims 1-7 wherein the conditioning 
material comprises an electrolyte which serves to conduct a current between 

20 the elements to thereby kill contaminant bacteria in the substrate mass. 

17 Substrate mass conditioning apparatus comprising an electrokinetic 
geosynthetic structure associated with at least one conducting element; at least 
one further conducting element; a supply system associated with one of the 

25 conducting elements for the supply of at least one conditioning material to be 
introduced into the substrate mass; and means for applying a potential 
difference between the conducting elements. 

18 Apparatus as claimed in claim 17 comprising an evacuation system 
30 associated with one of the conducting elements for removal of at least one 
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conditioning material or of a waste material or by-product from the 
substrate mass. 

19 Apparatus as claimed in either of claims 17 or 18 wherein the supply 
5 system and the optional evacuation system comprise respective reservoirs) in 

hydraulic and electrical continuity with the electrokinetic geosynthetic 
structure. 

20 Apparatus as claimed in claim 19 wherein at least one of said reservoirs 
10 is comprised within the substrate mass 

21 Apparatus as claimed in any of claims 17-20 wherein the supply and/or 
removal system comprises a pump. 

15 22 Apparatus as claimed in any of claims 17-21 wherein one or more of 
said at least one further conducting element is a metallic non electrokinetic 
geosynthetic electrode. 

23 Apparatus as claimed in any one of claims 17-22 wherein the 
20 electrokinetic geosynthetic structure comprises a solid body having a central 

core which serves as the supply system and/or reservoir and optionally as the 
evacuation system and/or reservoir. 

24 Apparatus as claimed in any one of claims 17-23 wherein the 
25 electrokinetic geosynthetic structure comprises a pure or composite metallic or 

a conducting non-metallic. 

25 Apparatus as claimed in any of claims 17-24 wherein the electrokinetic 
geosynthetic structure comprises one or more lines of spaced elongate 

30 conducting members. 
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26 Apparatus as claimed in any of claims 17-25 wherein the electrokinetic 
geosynthetic structure comprises a reinforcing element 

5 27 Apparatus as claimed in claim 26 wherein the electrokinetic 
geosynthetic structure provides a longitudinal axis and the reinforcing element 
comprises at least one high strength elongate element running parallel to the 
longitudinal axis of the electrokinetic geosynthetic structure. 

10 28 Apparatus as claimed in any of claims 17-27 wherein the electrokinetic 
geosynthetic structure comprises a non-conductive material with conductive 
material running through it at least partially on a surface of the structure. 

29 Apparatus as claimed in any of claims 17-28 wherein the electrokinetic 
15 geosynthetic structure is in the form of a continuous elongate tube, tape or 

rope. 

30 A substrate mass conditioned using the method as claimed in any of 
claims 1-16 and/or a substrate mass conditioned using the apparatus as 

20 claimed in any of claims 17-29. 

3 1 Substrate mass conditioning apparatus and/or a method for conditioning 
substantially as herein before described and/or illustrated with reference to the 
accompanying description and/or drawings. 
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